Attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy has 27 been used to investigate the effects of three fatty acid esters on skin permeation. 28
Introduction 51
The stratum corneum, the outermost layer of skin is the main barrier to the 52 absorption of drug molecules across and into human skin. This barrier has important 53 implications for the topical treatment of skin conditions as it may render a particular 54 treatment ineffective. Modification of the barrier properties of the stratum corneum is 55 often sought primarily to increase drug penetration and the use of chemical 56 penetration enhancers in a formulation is perhaps the most common strategy used to 57 achieve this. A variety of different types of molecules have been shown to have the 58 potential to affect drug permeation including alcohols, esters and fatty acids 59
These molecules exhibit considerable variation in their physiochemical properties, 76 differing in hydrocarbon chain length, number of hydrocarbon chains and polarity. 77
The effect of these molecules as chemical penetration modifiers of drug transport is 78 however variable. For example IPM as a sole agent may increase drug permeation 79 significantly (Gorukanti et al., 1999) where C is the concentration of the diffusing species in the membrane, D is the 171 diffusion coefficient of the diffusing species, x is the diffusional pathlength, and t is 172 time. In this study the method of Laplace transformation was used to solve Equation 173
1 to obtain diffusion coefficients for the permeating molecules across skin. This 174 The CNP in ISIS diffusion experiment again shows the typical lag and exponential 228 diffusion phases, however the plateau absorbance appears to slowly decrease rather 229 than maintain an equilibrium value. This slowly decreasing plateau was observed to 230 correspond to the permeation of ISIS into the membrane. To investigate whether the more hydrophilic layers of epidermis were affecting the 264 permeation of ISIS into the stratum corneum the CNP in ISIS experiment was 265 repeated using stratum corneum prepared from the same skin tissue. Using isolated 266 stratum corneum typical Fickian diffusion plots were observed for both CNP and ISIS 267 allowing diffusion coefficients to be calculated, again shown in Table 1 . For 268 comparative purposes the diffusion of CNP across epidermis and stratum corneum 269 from an ISIS vehicle are shown in Figure 6 . The experiment across stratum corneum 270 has a lower plateau absorbance than that obtained across epidermis but remains 271 constant as is expected if the diffusion follows Fick's law rather than the slowly 272 decreasing value obtained in the CNP across epidermis experiment.
275
The ingress of ISIS into the stratum corneum appears to lower the concentration of 276 CNP in the stratum corneum to less than that produced when water is the vehicle. In 277 this case ISIS would be expected to act as a penetration retarder. This data 278
suggests that the hydrophilic layers in the epidermis affect the ingress of the 279 hydrophobic ISIS into the stratum corneum in the epidermal tissue experimental 280 design and that for excipients such as ISIS, use of stratum corneum is preferable. Since the initial publications using ATR-FTIR spectroscopy to investigate drug 292 diffusion across skin in the mid 1990s, only a few studies have been published using 293 skin tissue. This is likely to be a result of difficulties in performing the experiment 294 using stratum corneum. Mounting the stratum corneum onto the ATR crystal isdifficult as the tissue is fragile and is readily damaged or torn. In this study we have 296 reported using human epidermis instead of isolated stratum corneum for ATR-FTIR 297 spectroscopic studies across skin. The skin is positioned such that the stratum 298 corneum is in direct contact with the ATR crystal. This ensures that the data obtained 299 from the experiment relates to the concentration of the permeants in the stratum 300 corneum. Using epidermal tissue allows reliable, reproducible contact to be made 301 between the membrane and the ATR crystal. Such an experiment design studying 302 diffusion across human epidermis has been reported using an ATR-FTIR 303 spectroscopic imaging setup (Tetteh et al., 
2009). Pellet et al have previously 304
investigated the effect of stratum corneum orientation on the ATR crystal with 305 permeability and did find some differences depending on whether the inner or outer 306 surface of the stratum corneum was placed on the ATR crystal (Pellett et al., 1997b) . 307
However it is thought that this is unlikely to affect interpretation of data in a 308
consistent experimental design where relative differences between formulations are 309 being used to gauge the effects of excipients to promote transport across skin. of CNP in the slowly, such that the diffusion profile did not come to an equilibrium 331 plateau absorbance over the timescale of the experiment. The slowly decreasing 332 plateau absorbance of the CN stretch was observed to correspond to the permeation 333 of ISIS into the membrane and analysis of the solvent diffusion profile suggested that 334 it was non Fickian indicating that ISIS was behaving differently to the other solvents. 335
To investigate this further the CNP in ISIS experiment was repeated using stratum 336 corneum prepared from the same piece of skin tissue and placed on the ATR crystal 337 in the same orientation as it is in the epidermis experiment. This allowed 338 investigation of whether the inner, more hydrophilic epidermal layers may have 339 impeded the permeation of ISIS into the stratum corneum, preventing the effects of 340 the solvent on CNP diffusion into the skin from being readily apparent. The resultant 341 data produced typical Fickian diffusion plots for the CNP diffusion across stratum 342 corneum, with an equilibrium plateau absorbance lower than that obtained when 343 water is the solvent, indicating that ISIS lowers the concentration of CNP in the 344 stratum corneum. The data indicate that whilst use of human epidermis appears tobe valid for the use of DPPG and IPM with the more hydrophobic solvents such as 346 ISIS the presence of the more hydrophilic epidermal layers will affect the observed 347 diffusion profiles of permeating species and that in these circumstances, stratum 348 corneum should be used. That ISIS lowers the concentration of CNP in the stratum 349 corneum suggests that it acts as a penetration retarder. This is despite the solubility 350 of CNP in ISIS being approximately three times larger than that of CNP in water and 351 significant absorption of ISIS into the stratum corneum. This may be a result of the 352 hydrophobic ISIS providing a less favourable environment than the endogenous 353 lipids of the stratum corneum. There are cases where retardation of skin permeation 354 is beneficial, typically when a drug or active is being targeted to the skin surface. The diffusion coefficients of CNP in DPPG, IPM and water across epidermis were 360 similar. CNP in ISIS across stratum corneum did diffuse faster than those systems 361 which were tested across epidermis as would be expected given that the lower 362 epidermal layers will provide some diffusional resistance. However this difference is 363 small which is consistent with the stratum corneum being the main barrier to the 364 ingress of substances across skin (Hadgraft and Lane, 2011). The calculated 365 diffusion coefficients are of a similar magnitude to those calculated by Pellett et al for 366
the diffusion of CNP in water across stratum corneum (Pellett et al., 1997b) . Thus 367 the data suggest that the solvents tested do not enhance skin permeation by 368 decreasing the membranes diffusional resistance, though it may be possible thatthe diffusion coefficient in this type of experimental set up. Chemometric analysis 371 software (InSight) was used to extract diffusion profiles of the ester solvents across 372 the skin tissue. A spectral region was chosen where issues such as hydrogen 373 bonding between the CNP and the solvent would not interfere with the observed 374 diffusion profile. The diffusion profiles of DPPG and IPM across epidermis and ISIS 375 across stratum corneum were obtained and could be modelled to obtain diffusion 376 coefficients. Each of the fatty acid ester solvents was found to diffuse at a faster rate 377 than the CNP. Previous ATR-FTIR spectroscopic diffusion studies across silicone 378 membrane found that CNP diffused more quickly across that membrane than ISIS 379
and that this seemed to correlate well with the increased molecular size of the ISIS 380 ATR-FTIR spectroscopy has been used to study the diffusion of CNP across human 396 epidermis in three separate fatty acid ester solvents and water. The diffusion of CNP 397 in water, DPPG and IPM across human epidermis were modelled using Fick's 398 second law. In the case of CNP in ISIS, Fickian diffusion profiles were only obtained 399 when stratum corneum was used. No significant differences were observed between 400 the diffusion coefficients of CNP in the different vehicles across epidermis. CNP in 401 ISIS diffused more quickly across stratum corneum though this difference was small 402 and is probably linked to the removal of the lower hydrophilic epidermal layers. Using 403 chemometric software, diffusion profiles of the fatty acid ester solvents were 404 extracted and each of the esterified solvents was found to diffuse at a faster rate 405 across skin tissue than the model drug. DPPG was found to be able to increase the 406 concentration of CNP in the stratum corneum suggesting that it possesses strong 407 penetration enhancing potential. IPM appeared to have a limited or negligible ability 408 to enhance CNP permeation whereas, in contrast ISIS is able to lower the CNP 409 concentration obtained in the stratum corneum suggesting that it has a penetration 410 retarding effect. 
